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Abstract 
Tea is one of the most popular drinks in the world, which contains several important 
essential micro nutrients that are beneficial to human health. On the other hand, the contamination of 
tea leaves by heavy metals may pose serious problems to human health. In this research, the 
concentration of toxic metals (Al, As, Pb, Cr, Cd, and Ni) and essential heavy metals (Fe, Zn, Cu 
and Mn) in Iranian green tea (IGT) leaves and its infusion were determined using atomic absorption 
spectrometry. Additionally, the effect of the duration (10, 30 and 90 min) and temperature (80 and 
100 ºC) of tea infusion on the content of heavy metals was studied. There was a significant 
difference between all samples at different time and temperatures. The concentrations range of 
heavy metals in IGT leaves was 1332-0.023 mg/kg. The highest and lowest metal content was 
observed for Al and Cd, respectively. The results showed that the heavy metal contents in IGT 
infusion varied between 11.7 mg/L for Al to 0.0002 mg/L for Cd. The highest and lowest percentage 
of metal extracted into IGT infusion was observed for Ni and Fe as 73.6 and 2.4, respectively. 
Keywords: Atomic absorption spectrometry, Green tea infusion, Toxic and essential 
elements. 
Introduction 
Tea is one of the traditional and healthy drinks most widely consumed in Iran as well as 
some other countries. The black, green and oolong are the most popular types of tea. The green tea 
which is prepared from the dried leaves of Camellia Sinensis L, began about 5000 years ago in 
china. It is supposed that green tea has numerous beneficial effects on health include prevention of 
many diseases such as skin cancers (Wu et al., 2013), Parkinson’s disease, cardiovascular diseases 
(Dogra et al., 2011), coronary artery (Qin and Chen, 2007), regulation of blood sugar and promotion 
of digestion (Samali et al., 2012). The chemical composition of green tea is similar to fresh tea 
leaves including flavonols, alkaloids, tannin substances, proteins and amino acids, enzymes, aroma 
forming substances and vitamins. In addition to above organic compounds, tea is regarded as a rich 
source of dietary essential elements, including minerals and trace elements (Salahinejad and Aflaki, 
2010; Malik et al., 2008). In other hand, plants can take up the heavy metals from the soil and under 
certain conditions; high levels of them can be accumulated in the leaves and other edible parts of the 
plant. The presence of heavy metals has become a major problem in today’s world due to its direct 
effect on living organisms. The metal contents in tea plants depend on many factors such as the age 
of the tea leaves, the soil conditions, rainfall, altitude, and genetic of the plant (Sauerbeck and Hein, 
1991; Soon and Bates, 1982; Smith, 1994; Davies, 1992). During of tea infusion, both essential 
mineral elements and toxic metals are extracted into the beverage. The factors affecting the metal 
availability in tea leaves influence subsequently the metal concentrations in the infusion. Depending 
on the concentration, potentially toxic elements can cause damage to human health ranging from 
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liver and kidney dysfunctions to carcinogenesis. All lead compounds have been classified as human 
carcinogens (Ahamed and Siddiqui, 2007). Its accumulation in the body may cause several 
pathological states, including brain damage, kidney failure and serious developmental, learning and 
behavioral problems in children (Needleman, 2004; Bellinger, 2008; Rowland and Mc Kinstry, 
2006). Cadmium is known as carcinogenic, and has been linked to lung and prostate cancer 
(Waalkes, 2000). Arsenic is strongly associated with lung and skin cancer in humans, and may lead 
to other internal cancers as well (Devesa et al., 2008; Medeiros et al., 2012). Recent studies show 
that Al caused some disease such as Alzheimer and Parkinson (Exley and Korchazhkina, 2001). 
Multiple studies implicated Chromium as a critical cofactor in the action of insulin (Cefalu and Hu, 
2004); however, its function as a carcinogenic agent has been demonstrated (Gad, 1989). Nickel 
ions are essential in the diet for erythrocyte production, but high concentrations can initiate 
carcinogenesis and function as a tumor promoter (Sunderman Jr, 1989). Copper is essential to 
human metabolic processes, but accumulation of excess copper is hazardous (Dwivedi and Singh 
Rajput, 2014). Manganese is a vital element for metabolism and antioxidant systems; nevertheless, 
excessive intake may lead to manganism (Costa and Aschner, 2014). According to World Health 
Organization documents (2001) and other researchs (Chasapis et al., 2012), dietary deficiencies in 
iron and zinc are a concern. 
In this study, the content of the essential and toxic trace elements in IGT leaves and its 
infusion was determined using atomic absorption spectrometry. Also, effect of the temperature and 
duration of tea infusion on the extraction of these elements was evaluated. 
Materials & methods 
All solvents and reagents necessary for experiments or preparation of the standard calibration 
curve, such as H2O2 and HNO3, were obtained from Merck Company (Germany). All metal ion 
stock solutions were prepared from their nitrate forms, except for the arsenic solution, which was 
prepared from As2O3. 
Sample Collection 
Several commonly consumed IGT samples were randomly collected from different markets 
in Kermanshah (a western province of Iran). 
Preparation of Tea Infusions 
Exactly 5 gr of each tea sample was added to 200 ml of boiling water and heated to infuse for 
different times (10, 30 and 90 min) and temperatures (80 and 100oC). After infusion, the solution 
was filtered and an appropriate amount of distilled water was added in a volumetric flask to make up 
a 200 mL volume. 
Analysis 
The Varian atomic absorption instrument, equipped with flame, graphite furnace and hydride 
vapor, was used to determine selected elements in the tea leaves and their infusions. 
Results & Discussion 
Lead (Pb) 
Average concentration of Pb in the IGT leaves was determined as 0.425 mg/kg (Table 1) 
which was below the maximum allowable intake limit in Iran (below 1 mg/kg). A study by Tsushida 
and Takeo (1977) showed that the concentration of Pb in Japanese green tea was in the range from 
0.11 to 1.93 mg/kg. Based on a study by Othman et al., (2012) the Pb concentration in nine different 
imported Chinese green tea samples was found to range from 0.231 to 6.340 mg/kg. The main 
source of Pb in tea samples can be their growth media such as soil. Tea plant is normally grown in 
high acidic soils, where Pb is more available for root uptake (Han, 2006). The mean concentration of 
Pb in IGT infusion was 0.004 mg/L (Table 2) and 27.9 was found as percentage of Pb extracted 
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from IGT leaves into its infusion (Table 3). Table 4 shows that the Pb concentration rised with 
increasing infusion time, and decreased when temperature increased. There was also difference 
between all samples. The tea sample that was infused for 90 min at 80oC has higher Pb 
concentration (0.0047 mg/L) than other samples, while the lowest concentration of Pb (0.0034 
mg/L) was observed for sample infused 10 min at 100oC. 
Table 1: The mean concentration (mg/kg) of toxic and essential elements in IGT leaves 
Elements 
Sample Pb Cd As Al Cr Ni Cu Mn Fe Zn 
IGT leaves 0.425 0.023 2.32 1332 1.64 8.4 37.4 297.3 351 28.6 
Cadmium (Cd) 
Cd mean concentration in IGT leaves was observed 0.023 mg/kg (Table 1). The maximum 
allowable intake limit of Cd in Iran is below 0.1 mg/kg, which is indicated that the Cd concentration 
in IGT was acceptable. In a study by Zhang and Fang (2007), the Cd concentration in China green 
tea leaves was found in the range of 0.012 to 0.057 mg/kg. According to their results, the Cd 
concentration was at the lowest concentration among different trace metals, which was comparable 
with our results. Table 2 shows that 0.0002 mg/L was the mean concentration of Cd in IGT infusion 
and the Cd from IGT leaves into its infusion was 26.9% (Table 3). As shown in Table 4, the Cd 
concentration increased when the infusion time increased, and decreased when temperature 
increased. The lowest (0.00018 mg/L) and highest (0.00024 mg/L) concentrations of Cd were 
observed for tea samples that infused for 10 min at 100oC and for 90 min at 80oC, respectively.  
Table 2: The mean concentration (mg/L) of toxic and essential elements in IGT infusion 
Elements 
Sample Pb Cd As Al Cr Ni Cu Mn Fe Zn 
IGT infusion 0.004 0.0002 0.019 11.7 0.016 0.2 0.2 2.7 0.27 0.31 
Arsenic (As) 
The mean concentration of As in IGT leaves was 2.32 mg/kg (Table 1) which was higher 
than the maximum allowable intake limit in Iran (below 1 mg/kg). Yuan et al., (2007) reported that 
the total amount of As ranged from below the detection limit to 4.81 mg/kg in Chinese tea leaves. 
According to Shen and Chen studies (2008), no As was found in 15 green tea samples from Taiwan 
when infusion was prepared from 2.0 g of tea sample with 100 mL of water, while in our studies 
0.019 mg/L was determined as As concentration in IGT infusion (Table 2). The percentage of As 
extracted into IGT infusion was 24.4 (Table 3). As shown in Table 4, the As concentration in IGT 
infusion depends on the temperature and infusion time and its concentration increasesd when 
temperature and infusion time increased. So the highest concentration of As (0.027 mg/L) was 
observed for tea sample that was infused at 100oC for 90 min.  
Aluminum (Al) 
Among the investigated metals, Al showed the highest concentration (1332 mg/kg) in IGT 
leaves (Table 1). Our results indicated that the concentration of Al in IGT samples was higher than 
maximum allowable intake level in Iran. Al content was 919 mg/kg in green tea which reported by 
Wróbel et al., (2000). In a study by Fung et al., (2009) the Al concentration was determined as 2633 
mg/kg by analyzing of seven green tea samples. The mean Al concentration in IGT infusion was 
11.7 mg/L (Table 2), and percentage of Al extracted into IGT infusion was 26.3 (Table 3). Table 4 
shows that temperature and infusion time affected Al concentration in IGT infusion. The Al content 
in IGT infusion increased when the infusion time and temperature increased. The highest Al 
concentration (13.22 mg/L) was found for tea sample that was infused for 90 min at 100oC.  
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Table 3: The percentage of toxic and essential elements extracted from IGT leaves into its 
infusion 
Elements 
Sample Pb Cd As Al Cr Ni Cu Mn Fe Zn 
IGT infusion 27.9 26.9 24.4 26.3 28.8 73.6 17.4 27.3 2.4 32.3 
Chromium (Cr) 
The mean concentration of Cr in IGT leaves was determined as 1.64 mg/kg (Table 1). 
Wróbel et al., (2000) reported that the average Cr content in Mexican green tea sample was 0.62 
mg/kg. Another study by Sividhya et al., (2011) showed that the Cr content in green tea was lower 
than the quantification limit. The mean concentration of Cr in IGT infusion was 0.016 mg/L (Table 
2). The percentage of Cr extracted into IGT infusion was determined as 28.8 (Table 3). Table 4 
shows the influence of temperature and infusion time on Cr content in IGT infusion. The highest Cr 
concentration (0.018 mg/L) was observed for tea sample which was infused for 90 min at 100oC.  
Table 4: The mean concentration (mg/L) of toxic and essential elements in IGT infusion at 
different temperatures and infusion time 
Temperature (oC) 80 100 
Infusion Time (min) 10 30 90 10 30 90 
Pb  0.0036 0.0039 0.0047 0.0034 0.0037 0.0044 
Cd  0.00019 0.00022 0.00024 0.00018 0.00019 0.00021 
As  0.012 0.014 0.019 0.017 0.024 0.027 
Al  10.07 11.52 12.3 10.6 12.3 13.22 
Cr  0.014 0.014 0.015 0.016 0.017 0.018 
Ni  0.182 0.19 0.212 0.197 0.222 0.232 
Cu  0.295 0.27 0.25 0.194 0.154 0.142 
Mn 2.58 2.71 2.77 2.67 2.77 2.81 
Fe  0.23 0.24 0.31 0.23 0.3 0.34 
Zn  0.27 0.29 0.29 0.33 0.34 0.33 
Nickel (Ni) 
As shown in Table 1, the mean concentration of Ni in IGT leaves was found to be 8.4 mg/kg. 
In a similar study, the mean concentration of Ni in green tea sample which was commonly 
consumed in South India, was determined as 9.09 mg/kg (Sirvidhya et al., 2011). The concentration 
of Ni extracted into the IGT infusion was 0.2 mg/L (Table 2). The highest percentage of metal 
extracted into IGT infusion was observed for Ni as 73.6 (Table 3). As shown in Table 4, the Ni 
concentration increased when temperature and infusion time increased. So the highest concentration 
of Ni in IGT infusion was 0.232 mg/L for tea sample that infused for 90 min at 100oC.  
Copper (Cu) 
The mean concentration of Cu in the IGT leaves was 37.4 mg/kg (Table 1). Qin and Chen 
(2007) reported that the Cu concentrations of 57 commercial green tea samples purchased from the 
local market in Beijing, China, varied from 8.22 to 28.71 mg/kg. Table 2 shows that Cu 
concentration of IGT infusion was 0.2 mg/L and the percentage of Cu extracted into the IGT 
infusion was observed as 17.4 (Table 3). Table 4 illustrates that, the Cu concentration decreased 
when temperature and infusion time increased, which is due to the formation of non-soluble 
complex with polyphenols. The lowest concentration of Cu (0.142 mg/L) was found for tea sample 
that was infused for 90 min at 100oC.  
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Manganese (Mn) 
The average concentration of Mn in IGT leaves was observed as 297.3 mg/kg (Table 1). 
Higher Mn concentration (508 mg/kg) in South India green tea samples was reported by Sirvidhya et 
al., (2011). The mean concentration of Mn in IGT infusion was determined as 2.7 mg/L (Table 2) 
and the amount of Mn extracted into the IGT infusion was 27.3% (Table 3). As shown in Table 4, 
the Mn amount which was extracted into the IGT infusion depends on the temperature and infusion 
time. When the infusion time and temperature increased, the Mn extracted into the infusion 
increased. So the highest Mn concentration was observed for tea sample which was infused for 90 
min at 100oC as 2.81 mg/L. 
Iron (Fe) 
The mean concentration of Fe in IGT leaves was found to be 351 mg/kg as shown in Table 1. 
Analyzing of 30 tea samples including green, black, semi-fermented and white teas imported to the 
Czech Republic, showed that the Fe concentrations in tea leaves varied between 103–523 mg/kg 
(Street et al., 2006) which was comparable with our results. Fe concentration in IGT infusion was 
determined as 0.27 mg/L (Table 2). The lowest percentage of metal extracted into the IGT infusion 
was 2.4 for Fe (Table 3). Table 4 shows that, Fe contents extracted into the IGT infusion depend on 
temperature and infusion time so that, increased temperature and infusion time cause to the 
increased Fe concentration. Then the highest Fe concentration (0.34 mg/L) was observed for tea 
sample which infused for 90 min at 100oC. 
Zinc (Zn) 
Zn concentration in IGT leaves was observed as 28.6 mg/kg (Table 1). In a comparable study 
with analyzing of several green tea samples, which consumed in South India, the Zn concentration 
was determined as 26.39 mg/kg (Sirvidhya et al., 2011). The mean concentration for Zn extracted 
into the IGT infusion was found to be 0.31 mg/L (Table 2). The percentage of Zn extracted into the 
IGT infusion was 32.3 as shown in Table 3. Table 4 illustrates that, increasing of temperature, 
increased the Zn concentration in IGT infusion. The lowest (0.27 mg/L) and highest (0.34 mg/L) Zn 
concentrations were observed for tea samples that were infused for 10 min at 80oC and for 30 min at 
100oC, respectively. 
Conclusion 
The mean concentration of heavy metals determined in IGT leaves arranged in the following 
order: Al˃ Fe˃ Mn˃ Cu˃ Zn˃ Ni˃ As˃ Cr˃ Pb˃ Cd. We found that the Al and As concentrations in 
IGT leaves were higher than the maximum allowable intake level in Iran. The relative 
concentrations in IGT infusion were observed as Al˃ Mn˃ Zn˃ Fe˃ Cu, Ni˃ As˃ Cr˃ Pb˃ Cd. The 
highest and lowest percentages of metal extracted into IGT infusion were found for Ni and Fe, 
respectively. The results indicated that the concentrations of all elements (except Pb, Cd and Cu) in 
IGT infusion increased with enhanced temperature. With the exception of Cu, concentrations in IGT 
infusion increased with raised infusion time. 
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